The purpose of the study was to examine the accuracy of physical activity (PA) classification algorithms using a rotational analysis.
• A four-dimensional complex number that can be used to represent the orientation of coordinate frame in three-dimensional space as in equation (1).
• An arbitrary orientation of frame B can be achieved through a rotation around an axis n with angle θ defined in frame A as represented in Figure 1 .
• A three dimensional vector in frame A can be rotated by a quaternion to vector in frame B using the relationship described in equation (2).
• The quaternion is calculated and calibrated by accelerometer and gyroscope data as represented in [ , ]
cos , sin 2 2 cos sin sin sin 2 2 2 2  Experimental process • 17 healthy, untrained subjects (age: 25.8±2.4, range 21-33yrs) participated.
• Experimental protocol consisted of four stages: walking, running (horizontal movement: 75 meters), going up and down stairs (horizontal movement: 12 meters and vertical movement: 10 meters).
• A customized accelerometer and a gyroscope module were utilized to assess gait behaviors of participants.
• Acceleration (i.e., x, y, and z) and gyroscope (i.e., yaw, pitch, and roll) data were recorded at 100Hz and transmitted to the customized android smartphone application (Galaxy Note II, Samsung). 
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